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(57) ABSTRACT

The present invention comprises tire treads having sipes or
other voids formed of non-curable inserts, as well as methods
for forming sipes or other voids within a tread using non-
curable inserts and apparatus for performing the same. Such
methods include providing an uncured tread having a width
and a thickness bounded by an outer side and a bottom side.
Such methods further include providing a strip of non-curable
material, the strip having a width and a length. Furthermore,
such methods include inserting the strip of non-curable into
the tread thickness from the tread outer side and to a prede-
termined depth within the tread thickness to form a void-
forming insert within the tread thickness. Finally, these meth-
ods include curing the tread with the non-curable strip
arranged within the tread thickness. The inserts may be
folded, which may occur as the strips are inserted into the
tread or prior to such insertion.

18 Claims, 6 Drawing Sheets
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1
INTEGRATED PROCESS TO GENERATE
NEAR-ZERO THICKNESS SIPES IN A TIRE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally formation of sipes in a tire
tread, and more particularly, to forming near-zero thickness
sipes in a tire tread.

2. Description of the Related Art

In tire tread designs, it is known to use sipes for the creation
of edges for improved snow traction. To provide these ben-
efits over the life of the tire, sipes substantially extend the full
depth of the tread. Full depth sipes, however, may reduce the
rigidity of the tread blocks into which sipes extend. A loss in
tread block rigidity may affect tire performance, such as wear
and braking performance.

Furthermore, sipes are presently molded into the tread
using metallic members, which are at least 0.4 millimeters
(mm) thick to withstand the forces that arise as the metallic
members are removed from the tire tread during demolding
operations. Because the corresponding sipes are also at least
0.4 mm thick, they may create more void than is desired.

Accordingly, to provide desired tire performance, it is
desirable to provide a tread having sipes arranged through the
depth of a tire tread that are not full depth sipes. Furthermore,
it is also desirable to have sipes that are thinner than current
sipes.

SUMMARY OF THE INVENTION

Embodiments of the present invention include methods
and apparatus for forming a sipe or other void within a tire
tread. Further embodiments of the invention include treads
formed by such methods and apparatus.

Particular embodiments of the invention comprises a
method of forming a sipe within a tire tread. Such methods
include the step of providing an uncured tire tread having a
width and a thickness bounded by an outer side and a bottom
side. An additional step includes providing a strip of non-
curable material, the strip having a width and a length. A
further step includes inserting the strip of non-curable mate-
rial into the tread thickness and to a predetermined depth
within the tread thickness to form a void-forming insert
within the tread thickness. A subsequent step comprises cur-
ing the tread with the non-curable strip arranged within the
tread thickness.

Further embodiments of the invention comprise a tire tread.
Inparticular embodiments, the tread comprises a thickness of
tread material bounded by an outer side and a bottom side and
a sipe including a strip of non-curable material arranged
within the tread thickness, the strip of non-curable material
having a width and a length and extending into the tread
thickness by a distance equal to or less than the width of the
strip.

Yet further embodiments of the invention comprise an
apparatus for arranging non-curable inserts within a tire tread.
Particular embodiments of such apparatus include a supply of
non-curable material configured to translate along a path to a
strip dispensing area along a support structure, the strip dis-
pensing area including an aperture have a width less than a
width of a strip formed from the supply of non-curable mate-
rial. The apparatus further includes a cutting member
arranged to cut a strip of a predetermined length from the
supply of non-curable material. Yet further, the apparatus
includes a plunger configured to actuate through the aperture
and the support structure by a predetermined distance.
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The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
detailed descriptions of particular embodiments of the inven-
tion, as illustrated in the accompanying drawings wherein
like reference numbers represent like parts of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a tire having multiple layers
of sipes formed by non-curable inserts according to an
embodiment of the invention.

FIG. 2 is a side view of an uncured tire tread layer being
wound upon a tire carcass according to a particular embodi-
ment of the invention.

FIG. 3 is a side view of an apparatus for inserting non-
curable inserts into a thickness of the uncured tire tread to
form sipes or other voids in the tire tread according to an
embodiment of the invention.

FIG. 4 is a front view of the apparatus shown in FIG. 3.

FIG. 5 is a top view of the apparatus shown in FIG. 3
showing a supply of non-curable material arranged within a
track, the track extending from a supply end to a strip dis-
pensing area according to an embodiment of the invention.

FIG. 6 is a top view of the apparatus shown in FIG. 5,
showing the supply of non-curable material indexed into the
dispensing area and a cutting member having cut the material
to form a strip arranged within the dispensing area according
to an embodiment of the invention.

FIG. 7 is a side view of the apparatus shown in FIG. 3
showing a plunger extending through an aperture in the sup-
port structure of the apparatus to force the insert through the
aperture an into the uncured tire tread according to an
embodiment of the invention.

FIG. 8Ais atop view of an insert dispensing area according
to an alternative embodiment, whereby a clamp is provided to
further secure the non-curable material prior to the formation
of an insert and/or prior to the insertion of the insert into the
tread.

FIG. 8B is a side view of the dispensing area shown in FI1G.
8A.

DETAILED DESCRIPTION OF PARTICULAR
EMBODIMENTS

Particular embodiments of the invention provide a tire
tread having sipes formed by non-curable inserts, while other
embodiments comprise tires incorporating such treads. The
non-curable inserts may form sipes that are thinner than tra-
ditional sipes, where the traditional sipes are formed by use of
metallic molding elements projecting from the inner surface
of'the mold, which are removed from the tread subsequent the
molding operation as part of the demolding operation. Fur-
thermore, the inserts may be arranged within different layers
of the tread to provide sipes which appear as the tire tread
wears in lieu of using full depth sipes which may further
reduce the stiffness of tread elements and affect the overall
performance of the tire.

The inventive treads described herein include one or more
inserts comprised of non-curable material, each of the inserts
forming a sipe within the tread. The sipes may be formed
within one or more layers within the tread thickness. With
reference to FIG. 1, a tread 10 is shown according to an
exemplary embodiment of the invention having two tread
layers. The tread 10, shown attached to a tire 30, includes a
first layer 16a and a second layer 165 of sipes 18 configured
within a thickness of the tread. In particular, the embodiment
shown provides sipes 18 arranged within tread elements or
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ribs 20, which are separated by tread longitudinal grooves
(and/or lateral grooves in other variations). The thickness of
tread material is bounded by an outer side 12 and a bottom
side 14. The sipes 18 comprise thin slits within the tread
formed using inserts 22.

Because the inserts are arranged within the tread while the
tread is in an uncured state, the inserts remain within the tread
as the tread is heated and cured—as well as after the tread has
been demolded from any mold. Therefore, to prevent the
inserts from substantially bonding to the tire tread as the tread
is being cured, the inserts are formed of non-curable material.
It is understood that the inserts may be formed entirely or
partially of non-curable material. It is also understood that the
inserts may be formed of any material having an outer layer of
non-curable material, which may comprise a coating or lami-
nate. Exemplary non-curable material includes cured plastic
or rubber, paper, and metal. The non-curable material may be
selected based upon particular properties to change the prop-
erties and behaviors of the insert during the tread forming
process. Furthermore, the non-curable material may com-
prise a frangible or degradable material that fractures, breaks
down into particles, or dissolves, such as during tire or tread
demolding or during tire operation whereby the insert auto-
matically discharges. A dissolvable non-curable material may
be soluble in, or with, water or any other liquid.

With continued reference to FIG. 1, the inserts 22 comprise
a folded strip of non-curable material, whereby the fold or
folded side 24 of each insert is oriented downward into the
tread thickness. In particular, the strip has a width and a
length, whereby the width is folded to provide an insert of
reduced width, such that the strip extends into the tread thick-
ness by a distance less than the width of the strip. While the
inserts are shown folded in half, where the fold is located
halfway across a width of the sheet material, the inserts may
be folded in any manner other than in half. For example, the
width of the insert may be folded such that fold forms one side
of the insert comprising one-third (¥4™%) of the width and
another side comprising two-thirds (5™%) of the width.

As shown in FIG. 1, the inserts 22 extend lengthwise in a
true lateral direction of the tread, that is, in direction across
the tread width perpendicular to a longitudinal centerline of
the tread, to form a like-oriented sipe 18, however, it is fully
appreciated that any insert and corresponding sipe may
extend lengthwise in any direction of the tread. Inserts 22 may
form sipes 18 extending partially or fully across tread ele-
ments or ribs 20, each of which are provided in the example
shown. Furthermore, each insert 22 and corresponding sipe
18 is shown to extend in a widthwise direction radially down-
ward into the tread thickness. It is fully appreciated that any
insert and corresponding sipe may extend downward into the
tread thickness at any angle relative the tread outer side 12 or
bottom side 14. It is also appreciated that any insert and
corresponding sipe may have an angle relative to the plane
surface of the tread. It is further appreciated that any insert
and corresponding sipe may have any shape commonly asso-
ciated with tire treads, such as curvilinear, zig-zag, sinusoi-
dal, and the like.

Furthermore, each insert 22 is formed from a strip of non-
curable material (see material 44 in FIGS. 3-6 for example),
where the strip of material has a particular thickness. While
the thickness of the material may be any desired thickness,
when desiring to form a sipe of minimal thickness, the thick-
ness of the material may be as thin as possible. For example,
in particular embodiments, the thickness of the strip from
which the insert is formed may be equal to or less than 0.03
millimeters (mm) (see T, , in FIGS. 3-4 for example). Accord-
ingly, in such embodiments, a folded insert and resulting sipe
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each have a thickness equal to or less than approximately 0.06
mm (that is, equal to twice the thickness of the strip to account
for the fold). It is appreciated that because any sipe may
extend as deep as desired, the width of each strip (see W 5 in
FIG. 6) may be any desired width. For example, the strip
width may be approximately 10 mm.

Such uncured treads may be formed prior to arrangement
along a tire, or while arranged along a tire. In FIG. 1, for
example, the tread 10 is shown arranged along the tire 30,
however, the tread may be formed on a building surface, such
as along a drum, flat plate, or the like, and the tread either
molded and cured prior to attachment to a used tire carcass,
such as during retreading operations, or the uncured tread
may be removed from the building surface and arranged along
a new tire carcass (that is, a green tire).

Further embodiments of the invention include methods of
forming one or more sipes within a tire tread, which will now
be discussed.

Particular embodiments of such methods include the step
of providing an uncured tire tread having a width and a
thickness bounded by an outer side and a bottom side. When
forming sipes by inserting non-curable inserts into the tire
tread prior to any molding and curing operation, it is benefi-
cial that the tire tread is uncured, or at least the portion into
which the inserts are to be placed. Not only is the uncured
tread typically softer and more pliable than cured tread, which
makes it easier to arrange the inserts within the tread thick-
ness and risks less damage to the tire tread, the uncured tread
is also better able to be assembled in layers, where such layers
may each include the sipe-creating inserts. It is appreciated
that the inserts may be inserted into the tread while the tread
is in any desired arrangement. For example, the tread maybe
arranged flat, such as along a flat or planar surface. As dis-
cussed above, the tire tread may be provided with a tire upon
which the tread is arranged, or the tire tread may be indepen-
dently provided separate from the tire for later application to
the tire. In any event, the tire tread may be provided upon any
desired building surface, such as any cylindrical or planar
surface.

In any event, the uncured tread may be formed of one or
more layers of uncured tread material. The tread, and any
layer of tread, may be applied to the tire or building surface by
any known means. For example, uncured tread material may
be applied by extrusion, by applying a sheet of uncured tread
material, or by applying a plurality of strips of uncured tread
material to form the tread or a layer of tread. By further
example, the methods and apparatus discussed in U.S. patent
application Ser. No. 12/989,335, which has been published as
US 2011/0036485 and is incorporated herein by reference,
may also be employed to wind a tire tread or any layer thereof
upon a tire or building surface, such as along a drum. Accord-
ingly, particular embodiments of the step of providing an
uncured tire tread includes winding a layer of uncured tread
material upon a tire or tire carcass, where the tire carcass is
either aused tire carcass for use in forming a retreaded tire, or
a green tire carcass for use in forming a new tire. It is also
appreciated that a tire tread may be formed by an extrusion
process, and either wound on a building surface or arranged
generally flat, such as along a generally flat static or convey-
ing building surface.

Embodiments of such methods further include the step of
providing a strip of non-curable material, the strip having a
width and a length. The strip is provided to form an insert
within a tire tread, whereby the insert forms a sipe or even a
groove or other void within the tire tread. This strip of non-
curable material may be formed entirely from a non-curable
material, such as any pre-cured plastic, pre-cured rubber
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(synthetic or natural), paper, or metal or metallic material.
Furthermore, the strip may be formed of any material,
whether curable or non-curable, that is coated, lined, or lami-
nated with any non-curable material for the purpose of pre-
venting any substantial bonding or attachment of the insert to
the tire tread during any subsequent curing operation. In
particular embodiments, the non-curable material is a fran-
gible or soluble material that disintegrates during tire opera-
tion.

In particular embodiments, the strip of non-curable mate-
rial is flexible, such that the strip may be folded prior to or
during insertion of the sheet into the tire tread to form the
insert. By example, a width of the strip may be folded to form
an insert having a width that is narrower than the width of the
unfolded sheet. Additionally, or separately, the strip of non-
curable material may be sufficiently thin to form an insert
having a total thickness of approximately 0.06 mm or less,
whether the insert is folded or unfolded. Accordingly, when
the insert is folded once to achieve a total thickness of 0.06
mm or less, the strip has a thickness of approximately 0.03
mm or less. It is fully appreciated, however, that the strip may
have any desired thickness to achieve a corresponding void
within the tread, including any lateral or longitudinal groove
or any sipe, whether the insert is folded or unfolded.

It is appreciated that the strip of non-curable material may
be provided in any desired manner or form. For example, the
strip may comprise a sheet or a film of non-curable material.
Furthermore, strips may be supplied in pre-determined sizes
to form predetermined sized inserts. Yet further, the sheet may
be cut from a length of the non-curable material. In particular
embodiments, a continuous length of non-curable material is
supplied, such as from a supply spool or drum or directly from
a sheet manufacturing device or process. Accordingly, in such
instances, the step of providing includes supplying a length of
non-curable material and cutting the strip from the length of
non-curable material. It is fully appreciated that any means
for cutting the insert from the length of non-curable material
may be employed. For example, any mechanical cutting tool
may be employed, including any translatory or rotary blade or
knife, any shearing, stamping, or pressing apparatus, or any
laser or water-jet cutting device. In particular embodiments, a
solenoid or other means for actuating translates a rotary blade
across a width of the non-curable material to form the strip. In
particular variations, at least a portion of the length of non-
curable material is secured, such as by being clamped, priorto
cutting the strip from the length of material. This includes
securing the strip of material to be cut from the length.
Securement may be achieved by any method or means of
securing or clamping. Furthermore, such method or means
may continue to secure the strip after it is cut from the supply
of non-curable material until the strip is inserted into the
tread. For example, the strip may be released from secure-
ment before the strip is engaged for insertion into the tread, or
may be forcefully removed from securement as the strip is
being inserted into the tread.

Embodiments of such methods include the step of inserting
the strip of non-curable into the tread thickness and to a
predetermined depth within the tread thickness to form a
void-forming insert within the tread thickness. Once the strip
is provided, the strip is arranged overtop the tire tread in a
desired location and arrangement. In doing so, the strip is
arranged to extend lengthwise in any desired direction along
the tread width and length. Once properly arranged, the insert
is driven into the uncured tire tread by a driving device to a
desired depth from any side of the tread, such as from the top
tread side or bottom tread side (such as when, for example, the
tread is inverted and arranged along a flat building support
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surface). For example, a plunger having a strip-engaging edge
engages the strip and drives the strip into the tread thickness
to the desired depth from an outer side or surface of the tread.
In such instances, the edge of the plunger may be arranged
relative the strip to cause the strip to fold about the plunger as
the strip is driven into the tread. This may be achieved by
arranging the plunger edge between the sides or ends of the
strip defining the strip width or length, respectively, where the
thickness of the plunger edge is less than the width or length
of'the strip, respectively. By doing to, at least a portion of the
insert will fold about the plunger edge as the plunger extends
into the tread thickness. Accordingly, the fold is driven down-
ward—and furthest—into the tread thickness from an outer
surface of the tread. In achieving a folded insert, it is appre-
ciated that the length of the plunger edge may be equal to or
greater than the length or width of the strip, which allows the
fold to extend fully across the length or width of the strip. To
achieve a thin sipe or void within the tread, the plunger may
have a sufficiently thin thickness, however, because any size
tread void is contemplated, the plunger may be of any desired
thickness to achieve the tread void desired. It is appreciated
that the insertion of the strips within the tread may be more
easily achieved when the tread material is warm. Warm tread
may be provided by warming the uncured tread material prior
to insertion by a warming operation, or by virtue of using
freshly made tread whereby the heat is supplied by the tread
forming operation.

Once an insert is arranged within the tread, further inserts
may be arranged within the tread. Prior to inserting a subse-
quent strip into the tread to form a subsequent insert, the
subsequent strip is arranged relative the tire tread as desired to
place an insert within the tread at a desired location. This
arrangement may be achieved through relative translation
and/or rotation between the tread and the subsequent strip for
insertion. For example, when employing a strip-inserting
apparatus, relative translation or rotation between the tread
and the is achieved to position the insertion of a subsequent
insert. Accordingly, such methods further include the step of
positioning a subsequent strip of non-curable material at a
new location along the tire tread, and repeating the step of
inserting a strip of non-curable material into the tread thick-
ness to provide a plurality of non-curable strips within the
tread thickness before performing the step of curing.

Once a desired quantity of inserts are arranged within a
thickness of the tire tread, one or more additional layers of
tread may be arranged atop the existing tire tread. If it is
desired to arrange inserts within each additional layer, the
prior steps of the method are repeated to arrange one or more
inserts within each desired tread layer. It is appreciated that
each additional tread layer may be provided in any manner as
the initial tread or tread layer was provided. Accordingly,
particular embodiments of such methods may include the
steps of arranging an additional layer of uncured tread mate-
rial upon the outer side of the tread after the step of inserting
the non-curable strip into the tread thickness and repeating
the steps of providing a strip of non-curable material and
inserting the non-curable strip into the tread thickness before
the step of curing. It is understood that inserts may be placed
into the tread in any desired arrangement within a single layer
and relative inserts in other tread layers. For example, inserts
in one tread layer may be staggered or offset in a lengthwise
and/or lateral direction of the tread relative inserts arranged in
another layer. By further example, inserts may be spaced
depthwise through the tread thickness overtop one another.
By arranging inserts in different layers, new sipes (or other
tread voids) become exposed as the tread thickness wears
over the life of the tread, which results in an evolving tread
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design. The evolving tread design may provide a continuous
supply of sipes over the life of the tread without needing to
extend any sipe the full tread thickness as may be required
according to current sipe or void-forming techniques.

Particular embodiments of such methods include the step
of curing the tread with the non-curable strip arranged within
the tread thickness. Once the tread is formed and the desired
quantity of inserts arranged therein, the tread is cured. This
curing may be achieved concurrently with a molding opera-
tion, where the tread is further formed as desired to reflect a
particular mold shape. This includes molding other features
into the tread, such as longitudinal and/or lateral grooves.
Accordingly, inserts may be arranged in the tread such that
the inserts are arranged between grooves formed subse-
quently in the molding process or any other desired process in
which grooves are formed. Grooves are shown in the embodi-
ment shown in FIG. 1, which have been subsequently formed
after arranging inserts within the uncured tread as generally
shown in FIG. 4, by example. Curing of the tread may occur
while the tread is arranged along a new or old tire carcass, or
separate from any tire carcass to form a precured tread for
retreading operations. After curing is completed and the tire is
removed from any curing member, such as a mold, the insert
may remain within the tire tread for tire operation. In lieu of
removing the inserts during tread demolding operations,
removal of the inserts may occur as the tire wears. For
example, the inserts may wear, deteriorate, or otherwise dis-
charge from the tire tread during tire operation.

Particular embodiments of such methods will now be
described in further detail below in association with the fig-
ures filed herewith exemplifying the performance of the
methods in association with particular embodiments of the
tread.

With reference to FIGS. 2-7, an exemplary apparatus or
system, such as a machine, is shown for arranging one or
more inserts comprising non-curable material within a tire
tread to form one or more corresponding sipes or tread voids.

As discussed above, a tire tread is provided for receiving
one or more inserts. The tread may be provided in any desired
manner. For example, with reference to FIG. 2, a system is
shown for providing a tire tread 10, and more specifically, for
applying one or more layers 16 of uncured tread material to a
building surface 30, such as a tire carcass or a building drum.
In the figure, uncured tread material is wound to form a tire
tread 10 comprising one or more layers 16. In such system,
the uncured tread material may be continuously supplied and
cut upon completing the one or more layers 16. The uncured
tread material may be supplied as a single width sheet that
may extend laterally across a full width of the tread, or as one
or more strips of uncured tread material having a width nar-
rower than the full width of the tread and selectively arranged
across a width of the tread to build a variable thickness tread,
such as is shown in FIG. 1, to provide longitudinal grooves
and tread elements or ribs 20. Such a system is disclosed in
U.S. patent application Ser. No. 12/989,335, which has been
published as US 2011/0036485 and incorporated herein by
reference. In such system, the uncured tread material may be
continuously supplied, and multiple strips of uncured tread
material applied to the building surface concurrently. In other
variations, for example, a single strip of uncured tread mate-
rial may be wound multiple revolutions to form a layer of
tread material, uncured tread material of predetermined
length may be otherwise arranged along a building surface
30, or uncured tread material may be extruded or molded
direction about the building surface.

Once the requisite quantity of layers of tread material are
wound about the building surface 30, one or more strips of
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non-curable material inserted into an outer, exposed surface
of'the tread. With reference to FIGS. 3-5, an exemplary appa-
ratus 40 is shown capable of supplying and inserting the
non-curable strips into the tire tread 10. In particular, a supply
of non-curable material 44 is fed into the apparatus and con-
strained along a track 46. The supply of non-curable material
44 is constrained side-to-side by track 46, which directs the
supply of material along a desired path to a strip dispensing
area 50. In doing so, at least a portion of the supply of material
extends underneath at least a portion of the track between
opposing sides ofthe track. It is understood, however, that any
means of directing the supply of non-curable material along a
desired path may be employed, if at all.

Apparatus 40 further includes an indexer 48 to feed prede-
termined lengths of the non-curable material into the strip
dispensing area 50 along support structure 42. In operation,
indexer 48 rotates a predetermined amount to translate a
corresponding length of the non-curable material a predeter-
mined distance into the dispensing area 50. While a rotary
indexer is shown, any other means for indexing a length of
non-curable material known to one of ordinary skill in the art
by any desired motion (such as rotation or translation) may be
employed. With particular reference to FIG. 5, the supply of
non-curable material 44 is shown awaiting indexing into the
strip dispensing area 50. With reference now to FIG. 6, the
indexer has translated a length of non-curable material into
the dispensing area 50.

With reference to FIGS. 3-5, apparatus 40 further includes
a cutting member, which is also referred to as a means for
cutting a strip 45 of non-curable material from non-curable
material supply 44. Once a length of the non-curable material
is arranged within the dispensing area 50, such as shown in
FIG. 6, a cutting member 56 cuts or separates the predeter-
mined length of non-curable material indexed into the dis-
pensing location from the supply of non-curable material 44.
Upon separation, the predetermined length of non-curable
material forms a strip 45 of non-curable material. In the
embodiment shown, a rotary cutting member 56 is employed
and actuated linearly by an actuating device 58. Actuating
device 58 comprises a solenoid in the present embodiment,
but may comprise any other device capable of moving (such
as translating and/or rotating) the cutting member as needed
to cut a strip from the supply of non-curable material. In other
variations, a non-rotating cutting member may be employed,
including those discussed above or any other member capable
of cutting, lacerating, or separating a strip 45 of non-curable
material from non-curable material supply 44. In the embodi-
ment shown, cutting member 56 is rotatably attached to a
support structure comprising a plate, but it is understood that
cutting member may be directly attached to actuating device
58 or any other intermediate structure. It is also appreciated
that strips 45 may be formed and provided by any other
known method. For example, strips 45 may be previously cut,
molded, or otherwise formed and subsequently fed to appa-
ratus 40, such as along a backing tape or the like, and dis-
pensed into dispensing area 50 from the backing tape. By
further example, strips 45 may be supplied independently and
fed separately into the dispensing area 50 by any manual or
automatic method.

It is appreciated that at least a portion of the strips of
non-curable material may be secured, such as by being
clamped, prior to cutting the strip from the length of material.
Securement may be achieved by any method or means of
securing or clamping. For example, with reference to FIGS.
8A and 8B, the means for securing the strip 45 is a clamp 70.
In operation, the clamp secures the strip 45 as it is being cut
from the supply of non-curable material 44. Subsequent to
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formation of the strip 45, clamp 70 maintains securement of
strip until plunger 60 forces strip from the clamp for insertion
into the tread. In the embodiment shown, to facilitate this
continued securement, a recess 72 is arranged within the
clamp through which plunger 60 extends to insert strip into
the tread. It is appreciated that clamp, however, may release
the strip before plunger 60 engages strip 45. Clamp 70 may
comprise any desired clamp. In the embodiment shown,
clamp is rotated about hinge 74 to place clamp into an strip-
securing arrangement, although it is appreciated that such
movement of clamp may occur by rotation and/or translation.
Any actuating member, such as a solenoid, may used to auto-
matically or selectively secure strip. Manual methods may
also be employed.

Upon arranging a strip of non-curable material within the
dispensing location, a plunger is employed to drive the strip
into a tire tread. With reference to FIG. 7, a plunger (or
plunging device) 60 is shown driving the strip 45 of FIG. 6
into a tire tread 10 to a predetermined depth. Upon insertion,
the strip 45 forms a non-curable insert 22 within the tire tread.
The insert 22 in turn forms a sipe (or other void) 18 within the
tire tread. To facilitate discharge of the strip from the dispens-
ing area, an aperture 52 is arranged along the support struc-
ture 42 in the dispensing area 50 underneath the strip 45. The
aperture 52 has a width W, that is narrower than the strip
width W ;. In certain instances, the aperture width W, is
approximately equal to, or slightly larger than, the sum of the
plunger thickness T, and twice the thickness of the strip T ,5-
to account for any folding of the strip as it extends through the
aperture 52. And because the aperture 52 is arranged between
the opposing sides of the strip width W5, the plunger 60 is
able to engage the strip between the sides of the strip 45 and
therefore force the strip through the aperture and into the tread
10. In particular instances, the plunger engages the strip cen-
trally across the strip width W 5. Also, such an arrangement
causes the strip 45 to fold about the plunger as the plunger
extends through the aperture and into the tread to form a
folded insert 22. Furthermore, the plunger 60 has alength L4,
equal to or less than the aperture length L5, and typically
equal to or greater than the strip length L. Likewise, aper-
ture length Ls, typically has a length equal to or greater than
the strip length L.

With particular attention to the plunger 60, said plunger
includes a strip-engaging plunger edge 62 arranged at a free,
terminal end of a thin, blade-like plunger body 64, whereby
the fold 24 in insert 22 originates along the plunger edge 62
and wraps upward along both sides of the plunger body 64.
The plunger 60 is also shown in FIGS. 3 and 4 arranged
overtop the strip dispensing area 50. Plunger 60 is actuated
linearly by an actuating member 66, which may comprise a
solenoid, for example, or any other device capable of moving
(such as translating and/or rotating) the plunger as needed to
insert a strip of non-curable material into a tire tread. To
control the actuation of the plunger 60, plunger is configured
to translate along a track 68 (see FIG. 3) to constrain the
movement of the plunger as it is actuated. Track 68 may
comprise any structure within which, or along which, a por-
tion of the plunger translates or rotates to sufficiently guide
and/or constrain the movement of plunger during the inser-
tion of inserts into the tread. In the embodiment shown, actu-
ating member 66 and track 68 are attached to a support struc-
ture comprising a plate, but it is understood that each may be
attached to any desired structure. To further control the actua-
tion of plunger 60 and promote accurate insertion of the strip
in the tread, the support structure 42 may be arranged atop the
tire tread during the strip insertion process, whereby a portion
of support structure contacts the tread.
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As generally discussed above, once an insert has been
arranged within the tire tread, additional inserts may be
inserted in the same manner. Prior to inserting additional
inserts, the tire tread and the insert-forming apparatus are
repositioned relative each other so to insert any additional
inserts at different locations along the tire tread. In doing so,
the tire tread may rotate and/or translate relative the apparatus
and/or the apparatus may move alone or additionally. For
example, with reference to FIG. 3, support structure 42 is
arranged along a pair of rails 43, such that the support struc-
ture 42 may translate relative the tire tread 10 for the purpose
ofarranging a new insert 22 at a predetermined location along
the tread. In such instances, a manual or automatic mecha-
nism for translating the support structure along rails 43 may
be employed. For example, such a mechanism may comprise
alinear drive, such as a screw drive. It is appreciated that any
other known means for translating or moving apparatus 40
relative tire tread may be employed. It is also appreciated that
multiple inserts may be concurrently inserted within the tread
to increase processing time. For example, apparatus 40 may
include multiple plungers to concurrently drive multiple
strips into the tire tread. Furthermore, more than one appara-
tus 40 may operate along a single tire tread at different loca-
tions around the tire tread. Once a desired quantity of inserts
are arranged within a tread layer, one or more additional tread
layers may be added to the tread and one or more inserts
arranged therein as described above. Once the uncured tread
is completed, the tread is cured alone or while mounted upon
atire. The inserts may remain embedded in the tire tread after
the tread has been demolded from any mold employed in the
curing process.

The present invention may be utilized in association with
any type of tire to form any new or retreaded tire and as such,
any type of tire may provide an embodiment of the present
invention. Exemplary tire types for use with the subject inven-
tion include heavy truck tires light truck tires, off the road
tires, bus tires, aircraft tires, bicycle tires, motorcycle tires,
and passenger vehicle tires.

The terms “comprising,” “including,” and “having,” as
used in the claims and specification herein, shall be consid-
ered as indicating an open group that may include other
elements not specified. The terms “a,” “an,” and the singular
forms of words shall be taken to include the plural form of the
same words, such that the terms mean that one or more of
something is provided. The terms “at least one” and “one or
more” are used interchangeably. The term “single” shall be
used to indicate that one and only one of something is
intended. Similarly, other specific integer values, such as
“two,” are used when a specific number of things is intended.
The terms “preferably,” “preferred,” “prefer,” “optionally,”
“may,” and similar terms are used to indicate that an item,
condition or step being referred to is an optional (i.e., not
required) feature of the invention. Ranges that are described
as being “between a and b” are inclusive of the values for “a”
and “b” unless otherwise specified.

While this invention has been described with reference to
particular embodiments thereof, it shall be understood that
such description is by way of illustration only and should not
be construed as limiting the scope of the claimed invention.
Accordingly, the scope and content of the invention are to be
defined only by the terms of the following claims. Further-
more, it is understood that the features of any specific
embodiment discussed herein may be combined with one or
more features of any one or more embodiments otherwise
discussed or contemplated herein unless otherwise stated.
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What is claimed is:

1. A method of forming a sipe within a tire tread, the
method comprising the steps of:

providing an uncured tire tread having a width and a thick-

ness bounded by an outer side and a bottom side;

providing a strip of non-curable material, the strip having a

width and a length;

inserting the strip of non-curable material into the tread

thickness and to a predetermined depth within the tread
thickness and folding the strip of non-curable material to
form a void-forming insert within the tread thickness;
and,

curing the tread with the non-curable strip arranged within

the tread thickness.
2. The method of claim 1, where the step of providing an
uncured tire tread includes winding a layer of uncured tread
material upon a tire carcass or a building surface.
3. The method of claim 2, where the layer of uncured tread
material is formed from multiple strips of uncured tread mate-
rial.
4. The method of claim 1, where the step of providing
includes supplying a length of non-curable material and cut-
ting the strip from the length of non-curable material.
5. The method of claim 1, where the step of inserting the
strip of non-curable material into the tread thickness includes
folding the strip of non-curable material as the strip is
inserted.
6. The method of claim 1, where the strip of non-curable
material is approximately 0.06 mm or less thick.
7. The method of claim 6, where the strip of non-curable
material is approximately 0.03 mm or less thick.
8. The method of claim 1 further comprising the step of:
positioning a subsequent strip of non-curable material at a
new location along the tire tread, and repeating the step
of inserting a strip of non-curable material into the tread
thickness to provide a plurality of non-curable strips
within the tread thickness before performing the step of
curing.
9. The method of claim 1 further comprising the steps of:
arranging an additional layer of uncured tread material
upon the outer side of the tread after the step of inserting
the non-curable strip into the tread thickness; and,

repeating the steps of providing a strip of non-curable
material and inserting the non-curable strip into the tread
thickness before the step of curing to form inserts within
the new tread layer.

10. A tire tread comprising:

athickness of tread material bounded by an outer side and

a bottom side;

a sipe including a strip of folded, non-curable material

arranged within the tread thickness, the strip of non-
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curable material having a width and a length and extend-
ing into the tread thickness by a distance equal to or less
than the width of the strip.

11. The tire tread of claim 10, where the tire tread includes
a plurality of strips of non-curable material arranged within
the tread thickness.

12. The tire tread of claim 11, where the tire tread thickness
comprises multiple layers of tread material, the plurality of
strips being arranged within each of the multiple layers of
tread material.

13. The tire tread of claim 10, where the strip is folded to
form a folded insert.

14. The tire tread of claim 13, where the folded side of the
insert is the deepest portion of the insert arranged within the
tread thickness.

15. The tire tread of claim 10, where the tread is arranged
along a tire carcass.

16. A method of forming a sipe within a tire tread, the
method comprising the steps of:

providing an uncured tire tread having a width and a thick-

ness bounded by an outer side and a bottom side;

providing a strip of non-curable material, the strip having a

width and a length;

inserting the strip of non-curable material into the tread

thickness and to a predetermined depth within the tread
thickness to form a void-forming insert within the tread
thickness;

curing the tread with the non-curable strip arranged within

the tread thickness;
arranging an additional layer of uncured tread material
upon the outer side of the tread after the step of inserting
the non-curable strip into the tread thickness; and,

repeating the steps of providing a strip of non-curable
material and inserting the non-curable strip into the tread
thickness before the step of curing to form inserts within
the new tread layer.

17. A method of forming a sipe within a tire tread, the
method comprising the steps of:

providing an uncured tire tread having a width and a thick-

ness bounded by an outer side and a bottom side;

providing a strip of non-curable material, the strip having a

width and a length, where the strip of non-curable mate-
rial is approximately 0.06 mm or less thick;

inserting the strip of non-curable material into the tread

thickness and to a predetermined depth within the tread
thickness to form a void-forming insert within the tread
thickness; and,

curing the tread with the non-curable strip arranged within

the tread thickness.

18. The method of claim 17, where the strip of non-curable
material is approximately 0.03 mm or less thick.
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